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FZ]gblgu_ we_dljhjZajy^gu_ FJ gZkhku rbjhdh bkihevamxlky ^ey
ihemq_gby \ukhdh]h b k\_jo\ukhdh]h \ZdmmfZ ^h 
–8
IZ >@ 
K k_j_^bgu -o ]h^h\ \ eZ[hjZlhjbb  BYNZ reZ bgl_gkb\gZy jZ[hlZ
ih kha^Zgbx we_f_glh\ <EWII >ey we_f_glh\ kljmdlmju b debkljhgZ
ihlj_[h\Zebkv fZeh]Z[Zjblgu_ FJ ^bh^gu_ gZkhku gZ kdhjhklv hldZqdb
ihjy^dZ  –  ek_d b jZ[hqbc \Zdmmf a
–6
IZ < lhl fhf_gl
ijhfure_gguc \uimkd FJ-gZkhkh\ [ue ij_djZs_g ;ueZ k^_eZgZ ihiuldZ
k^Zlv aZdZa gZ Bkdblbfkdbc aZ\h^ >ey \hah[gh\e_gby ijhba\h^kl\Z aZ\h^
ihlj_[h\Ze hq_gv [hevrmx p_gm ;ueh ijbgylh j_r_gb_ jZajZ[hlZlv FJ-
gZkhk \ bgklblml_ G_h[oh^bfhklv jZajZ[hldb b ba]hlh\e_gby ^bdlh\ZeZkv
hlkmlkl\b_f ijhfure_gguo gZkhkh\ Z lZd`_ ihlj_[ghklvx BYN \
fZeh]Z[Zjblguo FJ-gZkhkZo ^ey p_eh]h jy^Z mklZgh\hd b ijb[hjh\ 
< eZ[hjZlhjbb  d wlhfm \j_f_gb bf_eky hiul ih ba]hlh\e_gbx
jZaebqguo fZ]gblguo kljmdlmj gZ hkgh\_ i_jki_dlb\gh]h fZ]gblgh]h
fZl_jbZeZ ba 1G)H% k fZ]gblghc wg_j]b_c ~30⋅10+6 ]Zmk⋅wjkl_^ Z lZd`_ lZdhc
fZl_jbZe bf_eky \ gZebqbb Ihwlhfm ^ey fZ]gblghc kbkl_fu FJ-gZkhkZ [ue
\ayl 1G)H% Ihke_ aZdjulby ijh]jZffu <EWII jZ[hlZ gZ^ FJ-gZkhkhf
[ueZ ijh^he`_gZ lZd dZd ihy\beZkv g_h[oh^bfhklv \ lZdbo gZkhkZo ^ey
ijh]jZffu <WII- LJ:IIZ b ^ey ^jm]bo ihlj_[bl_e_c 
Ij_^eZ]Z_fuc FJ-gZkhk g_ ij_l_g^m_l gZ hjb]bgZevghklv beb gh\bagm
Wlh ^bh^guc g_hoeZ`^Z_fuc gZkhk k bahebjh\Zgguf Zgh^hf b lblZgh\ufb
dZlh^Zfb jZkiheh`_ggufb ijyfh gZ kl_gdZo dhjimkZ gZkhkZFZdkbfZevgZy 
ijhba\h^bl_evghklv gZ –3 ÷ 10–4 IZ jZ\gZ  ek_d Ijbf_g_gb_
ihklhygguo fZ]gblh\ k [he__ \ukhdbf ihe_f q_f m fZ]gblh\ fZjdb ;:
iha\hebeh mf_gvrblv ]Z[Zjblu we_dljh^ghc kbkl_fu ;ehd Zgh^guo yq__d
dj_iblky ijyfh gZ \\h^ghf baheylhj_ b g_ lj_[m_l ki_pbZevguo dj_i_`guo
baheylhjh\ BkiulZgby gZkhkZ ijh\h^bebkv lhevdh ih hldZqd_ \ha^moZ 
 
G_dhlhju_hkh[_gghklbjZkq_lZFJ-gZkhkh\ 
< gZklhys__ \j_fy g_l l_hj_lbq_kdhc fh^_eb hibku\Zxs_c \k_
nbabq_kdb_ ijhp_kku jZ[hlu FJ-gZkhkZ HldZqgu_ oZjZdl_jbklbdb h[uqgh
jZkqblu\Zxlky ih wfibjbq_kdbf aZ\bkbfhklyf ihemq_gguf gZ hkgh\_
wdki_jbf_glZevguo ^Zgguo GZr hiul jZajZ[hlhd ]h\hjbl h lhf qlh
g_h[oh^bfZ hilbfbaZpby ke_^mxsbo iZjZf_ljh\ kdhjhklb hldZqdb
\_ebqbgu fZ]gblgh]h ihey \_ebqbgu jZ[hq_]h \ZdmmfZ fbgbfZevgh]h
 4 
jZ[hq_]h \ZdmmfZ b dhgkljmdlb\guo jZaf_jh\ gZkhkZ Mkeh\by wdkiemZlZpbb
Z lZd `_ klhbfhklv ijhba\h^kl\Z gZkhkZ ^he`gu [ulv \aZbfgh m\yaZgu b ih
\hafh`ghklb hilbfbabjh\Zgu 
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,                  (4) 
]^_ ' 216  – [ukljhlZ ^_ckl\by ih Zahlm h^ghc jZajy^ghc yq_pdb I_ggbg]Z 
        Q6  – [ukljhlZ ^_ckl\by n  yq__d 
        wn6 – wnn_dlb\gZy [ukljhlZ ^_ckl\by yq__d mqblu\ZxsZy mf_gvr_gb_ 
ijh\h^bfhklb \ke_^kl\b_ gZebqby aZahjZ f_`^m Zgh^hf b ^\mfy  
dZlh^Zfb 
        O , G  – \ukhlZ b ^bZf_lj Zgh^ghc yq_cdb \ f 
        % – fZ]gblgZy bg^mdpby \ L 
        3 – jZ[hq__ ^Z\e_gb_ \ IZ 
        $ , / – rbjbgZ b ^ebgZ we_dljh^gh]h [ehdZ \ f 
        δ – aZahj f_`^m Zgh^hf b h^gbf ba dZlh^h\ \ f 
        N – dhwnnbpb_gl  1=N  _keb ^hklmi d we_dljh^ghfm [ehdm hldjul k 
     h^ghc klhjhgu 5.0=N  _keb ^hklmi d [ehdm hldjul k ^\mo klhjhg 
>ey hp_gdb fbgbfZevgh]h jZ[hq_]h ^Z\e_gby FJ-gZkhkZ Z lZd`_ \_ebqbgu


















= ,                (6) 
]^_ fbg3 – fbgbfZevgh_ jZ[hq__ ^Z\e_gb_ \ ffjlkl 
        %  – fZ]gblgZy bg^mdpby \ L 
        G  – ^bZf_lj Zgh^ghc yq_cdb \ kf  
       D8 – Zgh^gh_ gZijy`_gb_ \ < 
 5 
Ke_^m_l hlf_lblv qlh djhf_ hilbfZevghc \_ebqbgu fZ]gblghc
bg^mdpbb g_h[oh^bfh bf_lv fZeuc ]jZ^b_gl ihey \ h[eZklb Zgh^Z lZd dZd
]jZ^b_gl fZ]gblgh]h ihey ijb\h^bl d g_jZ\ghf_jghfm baghkm dZlh^Z <
kms_kl\mxsbo dhgkljmdpbyo baghk dZlh^Z \ h[eZklb p_gljZevguo Zgh^guo
yq__d agZqbl_evgh ij_\urZ_l baghk dZlh^Z \ i_jbn_jbcguo h[eZklyo
Bkihevamy dhfivxl_jguc dh^ fu ih^h[jZeb lZdh_ jZkij_^_e_gb_
fZ]gblgh]h ihey \ aZahj_ gZkhkZ dhlhjh_ iha\hebeh kms_kl\_ggh kgbablv




GZ q_jl_`_  ^Zgu ^\_ fh^bnbdZpbb FJ-gZkhkZ dhlhju_ hlebqZxlky
lhevdh ijbkh_^bgbl_evguf neZgp_f GZ jbk neZg_p miehlgy_lky gZ am[ Z
gZ jbk neZg_p lbiZ dhgne_l Dhjimk gZkhkZ ij_^klZ\ey_l kh[hc ]_jf_- 
lbqguc h[t_f ba]hlh\e_gguc ba g_j`Z\_xs_c klZeb ljm[Z k lhesbghx
kl_gdb 2=W ff We_dljh^guc [ehd khklhbl ba ^\mo lblZgh\uo dZlh^h\
fZjdb <L-1- b jZkiheh`_ggh]h f_`^m gbfb Zgh^Z DZlh^u gZ we_dljh- 
aZde_idZo ijbkh_^bg_gu d dhjimkm gZkhkZ LhesbgZ kl_gdb dZlh^Z δ   ff
:gh^guc [ehd ba]hlh\e_g ba g_j`Z\_xs_c klZeb k djm]eufb
bebg^jbq_kdbfb jZajy^gufb yq_cdZfb \ dhebq_kl\_  rlmd >bZf_lj
yq_cdb 13=G ff \ukhlZ 14=O ff :gh^ bahebjh\Zg hl dZlh^h\ b dhjimkZ
gZkhkZ d_jZfbq_kdbf baheylhjhf Baheylhj aZsbs_g hl gZiue_gby lblZghf
madhc ijh^hevghc s_evx qlh h[_ki_qb\Z_l fZemx \_ebqbgm lhdZ ml_qdb
<ukhdh_ gZijy`_gb_ iheh`bl_evghc iheyjghklb ih^Z_lky gZ Zgh^ q_j_a
\ukhdh\hevlguc \\h^ iha bf_xsbc [jhg_\mx aZsblm ^ey
\ukhdh\hevlgh]h dZ[_ey 
FZ]gblgZy kbkl_fZ gZkhkZ iha k^_eZgZ \ \b^_ 6-h[jZagh]h fZ]gblZ k
iebldZfb ba fZl_jbZeZ 1G)H% JZaf_ju ieblhd ×30× ff \k_]h ieblhd
 rlmd >ey mf_gvr_gby ]jZ^b_glZ fZ]gblgh]h ihey \ h[eZklb Zgh^Z h^bg
jy^ fZ]gblh\ jZa^\bgml hl ^jm]h]h gZ  ff ih p_gljm Zgh^gh]h [ehdZ GZkhk
bf__l k\Zjghc rh\ ^ey fgh]hjZah\h]h \kdjulby b j_fhglZ 
L_ogbq_kdb_ ^Zggu_ gZkhkZ 
 Ij_^_evgh_ hklZlhqgh_ ^Z\e_gb_ ⋅10–8 IZ 
 ;ukljhlZ hldZqdb ih \ha^mom ijb J = 10–5 IZ  ek_d 
 GZb[hevr__ ^Z\e_gb_ aZimkdZ ⋅10–3 IZ 
 JZ[hq__ ^Z\e_gb_ gZkhkZ –7 IZ 
 GZijy`_gghklv fZ]gblgh]h ihey  
ih p_gljm jZ[hqbo aZahjh\  wjkl_^ 




Jbk  J<K;  
 




>ey ijh\_jdb hkgh\guo jZkq_lguo oZjZdl_jbklbd b jZ[hlhkihkh[ghklb
dhgkljmdpbb FJ-gZkhkZ [ue kha^Zg bkiulZl_evguc kl_g^ Jbk khklhysbc
ba ^\mo \Zdmmfguo h[t_fh\  b  jZa^_e_gguo i_j_]hjh^dhc  k ^bZnjZ]fhc
^bZf_ljhf d   ff D h[t_fm  ih^kh_^bg_g gZl_dZl_ev  H[Z h[t_fZ
hkgZs_gu fZghf_ljbq_kdbfb eZfiZfb   D h[t_fm  ih^kh_^bg_g bkiulu- 
 
Jbk   – gZl_dZl_ev  – h[t_f  – ^bZnjZ]fZ  – h[t_f  – FJ-gZkhk  – 
jZat_f   – eZfiu 
 
\Z_fuc FJ-gZkhk  Ihlhd ]ZaZ baf_jy_lky ih i_j_iZ^m ^Z\e_gby gZ
^bZnjZ]f_ k hl\_jklb_f ba\_klghc ijh\h^bfhklb >ey h[_ki_q_gby
\hkijhba\h^bfuo mkeh\bc ijb baf_j_gbyo \ky mklZgh\dZ ijh]j_\ZeZkv ijb
l_fi_jZlmj_ FJ-gZkhk ^h  0K hklZevgu_ ^_lZeb ^h  0K Baf_j_gby
[ukljhlu hldZqdb ijhba\h^bebkv ih  jZaZ ^ey \ha^moZ ^ey dZ`^h]h agZq_gby










&6 ,                  (7) 
]^_ 13  – ^Z\e_gb_ IZ \ h[t_f_  
23  – ^Z\e_gb_ IZ \ h[t_f_  
54.1=& ek_d ^ey ^bZf_ljZ ^bZnjZ]fu d   kf 



































































Ij_^_evgh_ ^Z\e_gb_ gZkhkZ ⋅10–10 ffjlkl KhklZ\ hklZlhqgh]h ]ZaZ
50%N2 , 40%H2 b 10%Ar. 
GZ jbk  b  ijb\_^_gu ^ey kjZ\g_gby ^Zggu_ wdki_jbf_glZ b jZkq_lZ ih
nhjfmeZf  –  [ukljhlu hldZqdb bkiulu\Z_fh]h FJ-gZkhkZ Ba jbk
\b^gh qlh \ ^bZiZahg_ ^Z\e_gbc J = (5⋅10–8 – 1⋅10–5 IZ jZkq_l b wdki_jbf_gl
kh\iZ^Zxl k lhqghklvx  < ^bZiZahg_ ^Z\e_gbc J = (10–5 – 5⋅10–3 IZ
jZkq_l ih nhjfmeZf  –  ^Z_l aZ\ur_ggu_ j_amevlZlu gZ a ih









JZajZ[hlZg fZeh]Z[Zjblguc FJ-gZkhk k fZdkbfZevghc
ijhba\h^bl_evghklvx a ek_d ijb ^Z\e_gbb –3 – 10–4 IZ GZkhk
ij_^gZagZq_g ^ey jZ[hlu \ ijh]j_\Z_fuo h[t_fZo k \ukhdbf \Zdmmfhf
(10–5 – 10–7 IZ Ijb \Zdmmf_ a–5 IZ _]h ijhba\h^bl_evghklv ih \ha^mom
khklZ\beZ a ek_d 
Ijb jZajZ[hld_ FJ-gZkhkZ ijhkfZljb\Zebkv b hljZ[Zlu\Zebkv \ZjbZglu
k jZaebqgufb ihlj_[bl_evkdbfb k\hckl\Zfb 
Z \ZjbZgl ^bnn_j_gpbZevgh]h ^bh^gh]h FJ-gZkhkZ dhlhjuc hldZqb\Z_l \
lhf qbke_ bg_jlgu_ ]Zau gZ ihjy^hd emqr_ q_f h[uqgu_ FJ-^bh^gu_
gZkhku Z ih dhgkljmdpbb hg ijhs_ q_f kha^Zggu_ ^ey wlbo `_ aZ^Zq
ljbh^gu_ gZkhku 
[ \ZjbZgl gZkhkh\ jZ[hlZxsb_ gZ gbadhf \Zdmmf_ q_jgh\u_ k
hoeZ`^_gb_f lZd dZd ijbf_g_gb_ fZ]gblguo fZl_jbZeh\ ba 1G)H%
iha\hey_l khdjZlblv iehsZ^b dZlh^h\ g_ l_jyy \ ijhba\h^bl_evghklb
gZkhkh\ Mf_gvr_gb_ ih\_joghklb dZlh^h\ iha\hey_l kgbfZlv l_ieh k
dZlh^h\ lhgdbfb hoeZ`^Zxsbfb gh`Zfb kh klhjhgu Zlfhkn_ju 
\ gZkhku bf_xsb_ fbgbfZevgu_ jZkk_b\Zxsb_ ihey LZdb_ gZkhku
g_h[oh^bfu ^ey jZ[hlu \ we_dljhgguo \Zdmmfguo ijb[hjZo 
< gZklhys__ \j_fy  wda_fieyjh\ FJ-gZkhkZ jZ[hlZxl gZ
bg`_dpbhgghf dhfie_dk_ <WII- Z  gZkhkh\ ZgZeh]bqghc dhgkljmdpbb
ba]hlh\e_gu \ nbebZe_ BYNZ \ Ijhl\bgh GZ hiulghf ijhba\h^kl\_ BYNZ \
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